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Short Communication
CD5 Monoclonal Antibodies React with
Human Peripheral Blood Dendritic Cells

Gary S. Wood* and Peter S. Freudenthalt
From the Departments ofDermatology, and Pathology, and
the Skin Diseases Research Center, Case Western Reserve
University, and the Veterans Affairs Medical Center,*
Cleveland, Ohio, and Yale Unitersity School ofMedicine,t
New Haven, Connecticut

CD5 monoclonal antibodies (MAbs) define a 67,000
kd monomeric glycoprotein expressed predomi-
nantly by thymocytes, mature T cells and a subpop-
ulation ofB cells. CD5 is believed to be an alternative
signaling molecules capable of increasing the supply
of second messengers and thereby altering the cellu-
lar response threshold to other activation stimuli.
Humanperipheral blood dendritic cells (PBDC) are a
circulating component of the immune dendritic cell
family, which also includes Langerhans' cells in ep-
ithelia and interdigitating cells in the T-cell domains
of lymphoid tissues. PBDC comprise less than 1% of
theperipheral blood mononuclear cellfraction. They
are morphologically, immunophenotypically, and
functionally distinct from monocytes. In this study,
we report that at least a subpopulation ofPBDC react
with the anti-CD5 MAbs Leu-1 and UCHT2, which
define the two major non-crossblocking CD5
epitopes. In contrast, Langerhans' cells, interdigitat-
ing cells, monocytes, and macrophages were uni-
formly CD5 -. These findings suggest that PBDC can
express the CD5 molecule. Furthermore, they define
an additional feature of many enriched PBDC that
distinguishes themfrom monocytes and certain other
mononuclear leukocytes, and may provide insights
into their activation pathways. (Am J Pathol 1992,
141:789-795)

The CD5 molecule is a monomeric glycoprotein with a
molecular weight of approximately 67,000 kd. It is known
to be expressed by thymocytes, mature peripheral T
cells, many T-cell neoplasms, a subpopulation of B cells,
some B-cell neoplasms, and an incompletely character-

ized population of CD8+ peripheral blood cells (Table
1).1 Although CD5 cDNA has been cloned2 the physio-
logic functions and ligands of the CD5 molecule are still
under investigation.1 3 One recently described CD5
ligand is the pan-B-cell antigen CD72, which is the hu-
man homolog of murine Lyb-2 and exists as a 43 kd
transmembrane glycoprotein homodimer.4'5 Binding of
CD72 by CD72 MAb results in increased B-cell prolifer-
ation, upregulation of class 11 MHC antigen expression
and a transient increase in intracellular Ca'+ concentra-
tion.4'5 Certain CD5 MAbs are mitogenic or comitogenic
or T cells, probably by increasing the pool of second
messengers.1 3 -9 These observations suggest that the
CD5 molecule may play an important role in T-cell acti-
vation by providing an alternate signaling pathway that
would create a rheostat effect modifying the cellular re-
sponse threshold to other activation signals.9 There are at
least two major non-crossblocking epitopes on the CD5
molecule recognized by Leu-1 and UCHT2 MAb.10
Three additional minor epitopes have been defined by
other CD5 MAbs that probably recognize amino-acid se-
quences overlapping between the two major antigenic
determinants. 10-12

Peripheral blood dendritic cells (PBDCs) are a circu-
lating subset of the immune dendritic cell family that also
includes Langerhans' cells in epithelia and interdigitating
cells in the T-cell domains of lymphoid tissues such as
tonsil, lymph node, and spleen.1-15 These cells share
several cytologic, immunophenotypic, and functional
characteristics that suggest that they are more closely
related to one another than to peripheral blood mono-
cytes or their tissue counterparts, macrophages. For ex-
ample, enriched PBDCs are larger than monocytes, and
exhibit a bluntly lobated nucleus, clear cytoplasm, and
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Table 1. CD5+ Mononuclear Cell Subsets

Cell type Comment

Thymocytes Medulla > cortex
Mature T cells Vast majority of cells
T-cell lymphomas/ Widely expressed in various

leukemias subtypes but may be
deficient

B-cell subset Small subset in mantle zone of
B-cell follicles

B-cell lymphomas/ Predominantly chronic
leukemias lymphocytic leukemia and

small lymphocytic lymphoma
CD5-dim cells CD5-dim CD8+ HNK-1 + HLA-

DR' cells increased in HIV-
infected patients. CD8+
CD5-dim or CD5- cells
increased in some patients
with primary
immunodeficiency

multiple dendritic processes or veils. They express in-
creased cell surface levels of class 11 MHC antigens
(HLA-DR, HLA-DP, and HLA-DQ), whereas monocytes
express mainly HLA-DR. Furthermore, PBDCs are much
more potent immune accessory cells than monocytes.
These features are also characteristic of other immune
dendritic cells.15 PBDCs make up less than 1% of pe-
ripheral blood mononuclear cells and their enrichment
requires a labor-intensive, multistep procedure lasting
approximately 48 hours. Once enriched, the cells can be
maintained in vitro for only a few days.13'14

During a search for additional features that distinguish
PBDCs from monocytes, we discovered that CD5 MAbs
react with PBDCs. We confirmed this result in additional
samples, and then performed a systematic study of other
types of immune dendritic cells, monocytes, and macro-

phages. Our results indicate that among these types of
immune accessory cells, reactivity with CD5 MAbs is re-

stricted to PBDCs. Other immunophenotypic differences
between PBDCs and monocytes are also described.

Methods

Monoclonal Antibodies (MAbs)

A large panel of MAbs were employed as detailed in the
Results and Table 2. This panel included the anti-CD5
MAb. Leu-1 and UCHT-2 which recognize the two major
non-crossblocking CD5 epitopes.10 All MAbs were pur-

chased from Becton-Dickinson (Mountain View, CA) ex-

cept UCHT-2, which was purchased from Accurate Sci-
entific (Westbury, NY).

Cells and Tissues

PBDCs and monocytes were enriched from the periph-
eral blood of healthy donors using a 2-day, multistage

cell separation protocol as described previously.16 Skin,
tonsils, and lymph nodes (see Results for diagnoses)
were obtained from the Departments of Dermatology and
Pathology at Case Western Reserve University or Stan-
ford University. Tissues were snapfrozen, cryostat-
sectioned, and acetone-fixed as described previously.17

Immunophenotypic Analysis

Live cell suspensions of PBDCs and monocytes were
stained with a two-stage MAb/goat anti-mouse IgG-FITC
procedure and analyzed cytofluorometrically using a
FACScan instrument (Becton Dickinson, Mountain View,
CA) as described previously.16 Acetone-fixed cytocentri-
fuge preparations of PBDCs and monocytes, and cryo-
stat sections of skin, tonsil, and lymph node were stained
using a single-label three-stage MAb/goat anti-mouse
IgG-biotin/avidin-HRP procedure as described previ-
ously.17 Selected tissues were also stained using a dou-
ble-label, five-stage Leu-1 biotin/avidin-FITC/biotin/HLA-
DR-biotin/avidin-TRITC procedure as described previ-
ously.18'19 Immunophenotypic controls included staining
with various stages deleted and substitution of isotype
controls for first-stage MAb.

Results

CD5 MAb Reactivity with PBDC

PBDCs enriched from healthy donors (N = 4) were
tested for CD5 MAb reactivity using cytofluorometric

Table 2. Immunopbenotjpic Differences Between PBDC
andMonocytes

Antigen PBDC Monocytes

Class II MHC
HLA-DR + + + +I+ +I+ + +
HLA-DP + + + 0ltrl+l+ +I+ + +
HLPA-DQ + ++ O/tr/+I+ +I+ + +

T-cell
CD1 c tr 0
CD4 0/tr 0/tr/+
CD5 0/trl+/+ +I+ + + 0

B-cell
CD24 tr 0
CD40 +/+ + tr

Myeloid
CD13 0 +
CD14 0 +/+ +
CD36 tr + +

Receptors
CDw32 0 +
CD25 +/+0+
c-fms0 + 0

Semiquantitative staining intensity scale: 0, tr (trace),
+,+ +,+ + ±.
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analysis of cell-surface binding in live cell suspensions
and immunoperoxidase detection of cell surface/
cytoplasmic MAb localization to cytocentrifuge prepara-
tions. From 67% to 100% of PBDCs were variably CD5+
by both techniques in each case. In cytocentrifuge prep-
arations, staining intensity varied from weak to strong with
33% to 50% of PBDCs strongly CD5+. CD5 MAb reac-
tivity was observed with both Leu-1 and UCHT2, which
define the two major non-crossblocking CD5 epitopes.
Isotype controls were uniformly negative for PBDCs. Rep-
resentative cytofluorometric and cytocentrifuge results
are illustrated in Figures 1 and 2, respectively.

Lack of CD5 MAb Reactivity with Other
Immune Accessory Cells

Peripheral blood monocytes enriched from the same do-
nors as the PBDCs (N = 4) were uniformly CD5-. Sim-
ilarly, in single-label immunoperoxidase stained sections,
CD5 MAb reactivity appeared to be restricted to lympho-
cytes in 40 skin biopsies (23 mycosis fungoides, 4 B-cell
lymphoma, 3 large plaque parapsoriasis, 3 pagetoid re-
ticulosis, 2 peripheral T-cell lymphoma, 2 idiopathic
erythroderma, 1 lymphomatoid papulosis, 1 cutaneous

lymphoid hyperplasia, 1 monocytic leukemia), 9 lymph
nodes (4 reactive, 4 follicular lymphoma, 1 mycosis fun-
goides), and 4 reactive tonsils. Representative findings
are illustrated in Figure 3. This suggested that various
immune accessory cells including Langerhans' cells/
indeterminate cells, interdigitating cells, and tissue mac-
rophages lacked detectable CD5 MAb reactivity. To con-
firm this observation, two-color immunofluorescence
staining for CD5 and HLA-DR was performed on ten skin
biopsies (seven mycosis fungoides, three pagetoid retic-
ulosis) and seven lymph node biopsies (four follicular
B-cell lymphoma, two reactive, one mycosis fungoides).
In each case, there was no detectable CD5 MAb reac-
tivity with HLA-DR + cells exhibiting the morphologic fea-
tures of Langerhans' cellsAlndeterminate cells, interdigi-
tating cells, germinal center tingible body macrophages,
or interstitial tissue macrophages (Figure 4).

Additional Immunophenotypic Analysis of
PBDCs and Monocytes

PBDCs and monocytes were also analyzed with a large
panel of MAbs to further define their similarities and dif-
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Figure 1. Representative dot-plot cytofluorometric analysis ofPBDC stained with a two-stage immunolabeling protocol (Methods). X axis
showsforward light scatter (linear scale). Y axis showsfluorescence intensity (logarithmic scale). PBDC are unstained by a representative
isotype matched MAb control (A); however, they are HLA-DR+(B), CD5+(Leu-1+) (C), CD5+(UCHT-2+) (D), CD3-Leu-4-) (E), CD19-/
CD20-aeu-12-/Leu-16-) (F), CD14-(Leu-M3-) (G), and CDllc+aLeu-M5+) (H). The occasional stained cells in (E), (F), and (G)
represent contaminating T cells, B cells, and monocytes, respectively.
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Figure 2. Cell surface/cytoplasmic reactivity ofPBDC in cytocentrifugepreparations with MAb recognizing the tuo major non-cross-blocking
CD5 epitopes. In all fields, PBDC appear as large cells with abundant cytoplasm and bean-shaped or multilobed nuclei. Rare, smaller
mononuclear leukocytes are present in some fields. 7Tese contaminants can serve as internal positive controlsfor MAb reactivity. Isotype
matched controlfor Leu-1(CD5) shows CD7 - PBDC and rare CD7+ contaminants (a). In contrast, most PBDC are variably Leu-1 +(CD5 +)
(b). Similarly, an isotype matched controlfor UCHT-2 (CD5) shows CD8- PBDC (c). In contrast, many PBDC are variably UCHT-2 +(CD5 +)
(d). Immunoperoxidase stainwith methylene blue counterstain, X320.

ferences. Both cell types were similar in their lack of re-
activity with MAbs recognizing the following antigens:
CDla, CDlb, CD3, CD8, CD15, CD16, CD19, CD20,
CD21, CD22, CD56, CD57, CD64, CDw65, TCR-1, and
TCR-8. Both cell types were also similar (i.e., varied by S
one semiquantitative staining intensity scale category as
described in Table 2) in their unequivocal reactivity with
MAbs recognizing the following antigens: HLA-ABC,
CD1 1 a, CD1 1 b, CD1 1 c, CD1 8, CD29, CD39, CD54, and
CD58.

Despite these many similarities, important differences
were noted between the MAb reactivity of PBDCs and
monocytes. In regard to class 11 MHC antigen expres-
sion, although both cell types were HLA-DR+, PBDCs
were more intensely HLA-DR+. Furthermore, only
PBDCs exhibited cell surface expression of HLA-DP and
HLA-DQ as assessed by cytofluorometric analysis. Inter-
estingly, unequivocal yet highly variable HLA-DP and
HLA-DQ MAb reactivity was observed in monocyte cy-
tocentrifuge preparations in each case. This suggests
that HLA-DP and HLA-DQ expression are present but
predominantly cytoplasmic in a subset of monocytes en-
riched according to our protocol. These and other immu-
nophenotypic differences between PBDCs, and mono-
cytes are summarized in Table 2.

Discussion

Although initially regarded as markers restricted to nor-
mal and neoplastic cells of T lineage, CD5 MAbs were
subsequently shown to react with a subset of normal and
neoplastic cells of B lineage.1 Our data extend the rep-
ertoire of CD5 MAb reactivity by demonstrating that at
least a subpopulation of non-T/non-B-lineage PBDC are
also unequivocally CD5+. Similar observations have
been made for other MAbs initially believed to be re-
stricted to cells of T lineage. These include CD1 MAb
(Langerhans' cells),20 CD3 MAb (Purkinje cells),21 CD4
MAb (monocytes, macrophages, Langerhans' cells, in-
terdigitating cells),1522 and CD8 MAb (splenic sinusoidal
lining cells).23 It has not yet been possible in all of these
cases to demonstrate that the target antigen is, in fact,
identical to that expressed on T cells. However, we have
shown that PBDCs react with CD5 MAbs that define the
two major non-crossblocking CD5 epitopes.10 This sug-
gests that PBDCs express a molecule similar or identical
to the CD5 glycoprotein isolated from T cells.

The pattern of CD5 MAb reactivity with cortical thymo-
cytes, medullary thymocytes, and peripheral T cells sug-
gests that CD5 expression increases during T-cell matu-
ration.1 The range in intensity of CD5 MAb reactivity ob-

U
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Figure 3. Epidermal HLA-DR+ dendritic cells are CD5 Semi-serial cryostat sections ofskin involved by mycosisfungoides (cutaneous T-cell
lymphoma). Most of thisfield shows a portion ofepidermis heavily infiltrated by Leu-1 + (CD5+) T cells (left). Note that these CD5+ cells are
small and round consistent with their T-cell lineage. CD5 + epidermal dendritic cells are notpresent. In contrast, several larger dendritic cells
(mostly Langerhans cells) are evident in this same region when stained with MAb recognizing HLA-DR (right). Immunoperoxidase stain with
metbylene blue counterstain, x 160.

Figure 4. Dermal and lymph-node paracortical HLA-DR+ dendritic cells are CD5-. Left: Two-color immunofluorescence analysis ofCD5
and HLA-DR expression by cells in a cayostat section ofskin involved by mycosisfungoides. A double-exposedphotomicrograph of the same
field shows round, green Leu-i+(CD5+) cells and larger, more irregularly shaped, red-orange HLA-DR+ cells (Langerhans cells!
indeterminate cells, macrophages, etc). Right: Double exposure of a similarly stained cryostat section of reactive lymph node paracortex
shows large, dendritic red-orange HLA-DR + interdigitating cells and small, round green Leu-1 +(CD5 +) T-cells. In both photomicrographs,
if the HLA-DR+ cells were also Leu-1 + (CD5+), they would appear yellow rather than red-orange. Left, x320. Right, x 160.
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served among PBDCs in this study may reflect a similar
range in PBDC maturation. Alternatively, it may reflect an
alteration in CD5 expression induced by the 2-day en-
richment protocol required to isolate PBDCs. For exam-
ple, expression of CD5 by B cells appears to depend on
how they are activated rather than on a predetermined
differentiation program.9 Nevertheless, monocytes that
were also isolated during this same procedure remained
CD5-.

Some CD5 mAbs cause direct mitogenic stimulation
of T cells, an effect that can sometimes be reduced by
coincubation with CD3 MAb.3 Other nonstimulatory CD5
MAbs can augment PHA responses.3 Because PBDCs
do not survive long in vitro and there are no known strat-
egies for improving their survival, the effects of various
CD5 MAbs on cultured PBDCs should be determined. It
will also be important to determine how circulating
PBDCs will be affected in patients receiving anti_T-cell
immunotherapy with anti-CD5 MAb or MAb-toxin conju-
gates.

PBDC, tissue immune dendritic ells (e.g., Langerhans'
cells, interdigitating cells), monocytes, and macrophages
all belong to the broad category of bone-marrow-derived
immune accessory cells.1-15 Nevertheless, there are
numerous morphologic, immunophenotypic, and func-
tional characteristics that indicate that PBDCs and other
immune dendritic cells form a lineage distinct from mono-
cytes and macrophages.1-15 Among the dendritic cells,
those associated with epithelia (Langerhans' cells!
indeterminate cells) exhibit a CDla+ immunopheno-
type.15 Our data have documented a feature apparently
unique to a subpopulation of dendritic cells derived from
the peripheral blood, i.e., CD5 MAb reactivity. This pro-
vides another characteristic that distinguishes enriched
PBDCs from monocytes and several other peripheral
blood cells, and may provide insights into PBDC activa-
tion mechanisms.

References

1. Reiter C: T5 Cluster report: CD5. Leucocyte typing IV: White
cell differentiation antigens. Edited by Knapp W. Oxford:
Oxford University Press, 1989, pp 331-332

2. Huang HJS, Jones NH, Strominger JL, Hertzenberg LA: Mo-
lecular cloning of Ly-1, a membrane glycoprotein of mouse
T-Iymphocytes and a subset of B cells: Molecular homology
to its human counterpart Leu-1IT1 (CD5). Proc Natl Acad Sci
1987, 84:204-208

3. Lydyard PM, Mackenzie L: T5.4 Lymphocyte activation by
CD5 mAb. Leucocyte typing IV: White cell differentiation an-
tigens. Edited by Knapp W. Oxford: Oxford University Press,
1989, p 338

4. Van de Velde H, von Hoegen I, Luo W, Parnes JR, Thiele-
mans K: The B-cell surface protein CD72/Lyb-2 is the ligand
for CD5. Nature 1991, 351:662-665

5. Luo W, Van de Velde H, von Hoegen I, Parnes JR, Thiele-
mans K: Ly-1 (CD5), a membrane glycoprotein of mouse T
lymphocytes and a subset of B cells, is a natural ligand of
the B cell surface protein Lyb-2 (CD72). J Immunol 1992,
148:1630-1634

6. Ledbetter J, Martin PJ, Spooner CE, Wofsy D, Tsu TT, Beatty
PG, Gladstone P: Antibodies to Tp67 and Tp44 augment
and sustain proliferative responses of activated T cells. J
Immunol 1985,135:2331-2336

7. Imboden JB, Ledbetter JA, McCutcheon M, June CH: Per-
turbation of CD5 augments T cell antigen receptor-induced
generation of inositol phosphates. Clin Res 1988, 36:441A

8. Ledbetter JA, Parsons M, Martin PJ, Hansen JA, Rabino-
vitch PS, June CH: Antibody binding to CD5(Tp67) and
Tp44 T cell surface molecules: Effects on cyclic nucleotides,
cytoplasmic free calcium, and cAMP-mediated suppres-
sion. J Immunol 1986,137:3299-3305

9. Clark EA: Activation and regulatory signals in human T- and
B-lymphocytes. Leucocyte typing IV: White cell differentia-
tion antigens. Edited by Knapp W. Oxford: Oxford University
Press, 1989, pp 1054-1057

10. Mackenzie L, Lydyard PM: T5.3 Epitope mapping of the
CD5 molecule. Leucocyte typing IV: White cell differentiation
antigens. Edited by Knapp W. Oxford: Oxford University
Press, pp 1989, 336-337

11. Fiebig H, Behn I, Hommel U, Kupper H, Eichler W: T5.1 A
comparison of the binding properties and some functional
activities of CD5 mAb. Leucocyte typing IV: White cell dif-
ferentiation antigens. Edited by Knapp W. Oxford: Oxford
University Press, 1989, pp 332-335

12. Carriere D, Fontaine C, Benoit JM, Thurneyssen 0, Carrel S:
T5.2 Four epitopes on the CD5 (67kDa) molecule are de-
fined by the mAb of the Workshop CD5 panel. Leucocyte
typing IV: White cell differentiation antigens. Edited by
Knapp W. Oxford: Oxford University Press, 1989, pp 335-
336

13. Van Voorhis WC, Witmer MD, Steinman RM: The phenotype
of dendritic cells and macrophages. Fed Proc 1983, 42:
3114-3118

14. Freudenthal PS, Bhardwaj N: Dendritic cells in human blood
and synovial exudates. Intem Rev Immunol 1990, 6:103-
116

15. Wood GS, Turner RR, Shiurba RA, Eng L, Warnke RA: Hu-
man dendritic cells and macrophages: In situ immunophe-
notypic definition of subsets that exhibit specific morpho-
logic and microenvironmental characteristics. Am J Pathol
1985,119:73-82

16. Freudenthal PS, Steinman RM: The distinct surface of hu-
man blood dendritic cells as observed following an im-
proved isolation method. Proc Natl Acad Sci 1990, 87:7698

17. Wood GS, Warnke R: The immunophenotyping of bone
marrow biopsies and aspirates: Frozen section techniques.
Blood 1982, 59:913-922



CD5+ PBDC 795
AJP October 1992, Vol. 141, No. 4

18. Wood GS, Deneau D, Miller R, Levy R, Hoppe RT, Warnke
RA: Subtypes of cutaneous T-cell lymphoma (CTCL) de-
fined by expression of Leu-1 and la. Blood 1982, 59:876-
882

19. Wood GS, Warnke R: Suppression of endogenous avidin-
binding activity in tissues and its relevance to biotin-avidin
detection systems. J Histochem Cytochem 1981, 29:1196-
1204

20. Boumsell L: Ti Cluster report: CD1. Leucocyte typing IV:
White cell differentiation antigens. Edited by Knapp W. Ox-
ford: Oxford University Press, 1989, pp 251-254

21. Garson JA, Beverley PCL, Coakham HB, Harper El:
Monoclonal antibodies against human T lymphocytes
label Purkinje neurones of many species. Nature 1982,
298:375-377

22. Wood GS, Warnke NL, Warnke RA: Anti-Leu-3/T4 antibod-
ies react with cells of monocyte/macrophage and Langer-
hans lineage. J Immunol 1983,131:212-216

23. Buckley PJ, Dickson SA, Walker WS: Human splenic sinu-
soidal lining cells express antigens associated with mono-
cytes, macrophages, endothelial cells and T-lymphocytes. J
Immunol 1985, 134:2310-2315


